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of CpG dinucleotides within theHPRTgene and the fre-Studies of human genetic disorders have suggested that
quency of mutations at these sites.5-methylcytosine moieties in DNA may act as endoge-

Germ cell mutations in the X-chromosomeHPRTgenenous mutagens due to the increased deamination of C
clinically result in either Lesch-Nyhan syndrome (severewhen it is methylated in CpG dinucleotide sequences.
loss of enzyme activity) or gout (partial loss of enzymeThis deamination of C to yield T can result in a DNA
activity). The humanHPRT gene has a 1.4 kilobasereplication mediated C/Gr T/A transition mutation. Fully
mRNA containing a 657 base-coding region. The dinucle-32% of human germline single-base substitution (SBS)
otide sequence CpG would be expected to appear 27 timesmutations in the LDL receptor gene and 50% of germline
by random distribution, but is only found eight times; i.e.,SBS mutations in thep53 gene (Li-Fraumeni syndrome)
it is reduced by 70%. It has been proposed that this is theare found in CpG dinucleotide sequences [Rideout et al.,
result of mutational pressure against this highly mutable1990; Cooper and Krawczak, 1990]. Deamination of C
dinucleotide [Kricker et al., 1992]. The eight CpG dinu-yields U, while deamination of 5-methylcytosine yields
cleotides are shown in Table II, where the A of the AUGT. These C to T (or G to A) transitions have been proposed
initiation codon is designated base 1. These eight CpGto be due to the decreased rate of repair of T:G mis-
dinucleotides present 16 possible SBS (transition) muta-matches versus U:G mismatches [Schmutte et al., 1995].
tions: CpGr TpG or CpGr CpA. Four of these resultIt is this difference in repair which causes 5-methylcyto-
in no predicted amino acid change, ten in a missensesine to stand out as a ‘‘hot spot.’’
mutation, and two in a chain-terminating (TGA) codon.We recently determined theHPRT mutations in two
Five of the possible 12 mutations have been found tounrelated families each with a Lesch-Nyhan syndrome-
occur in in vivo or in vitro studies and these are shadedaffected male and found that both contain a C151 to T transi-
in Table II. Table III summarizes the distribution of SBStion mutation by cDNA sequencing (Table I). In the first
(transition) mutations at these five sites, as reported in thefamily (HPRTEstrie), we determined that both the mother and
Cariello HPRT database [Cariello, 1997]. Two of thesethe sister of the affected boy showed the elevated thiogua-
mutations (CpG481 r CpA and CpG509 r CpA) have beennine-resistant (TGr) mutant frequency expected for carrier
reported only in human cells in in vitro studies, the formerfemales [Skopek et al., 1990; Hunter et al., 1996] and both

showed the C151GA to TGA mutation in the mutant allele
cDNA. In the second family (HPRTSagamie), the proband
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TABLE I. Analysis of Potential HPRT Mutation Carrier Females

Sample Individual HPRTMutant frequency Mutation

(P52) Estrie Proband (unavailable)
Mother 3.71 1002 C151GA r TGA
Sister 1.61 1002 C151GA r TGA

(P55) Sagamie Proband 0.98 C151GA r TGA
Mother 3.51 1002 C151GA r TGA

TABLE II. CpG Dinucleotide Sequences in the Human HPRT Gene

cDNA Predicted amino Predicted amino
sequence Mutation acid change Mutation acid change C/NC*

GC5G C5 r T ala r val G6 r A (none) NC
C10GC C10 r T arg r cys G11 r A arg r leu NC
GGC21GTC C21 r T (none) G22 r A val r ile NC-NC
GTC24GTG C24 r T (none) G25 r A val r met NC-C
C142GT C142 r T arg r cys G143 r A arg r his NC
C151GA C151 r T arg r Stop G152 r A arg r gln NC
GTC480GCA C480 r T (none) G481 r A ala r thr NC-C
C508GA C508 r T arg r Stop G509 r A arg r gln NC

*Conserved (C) or not conserved (NC) amino acid [Lambert et al. 1992].

in T-lymphocytes treated with nitrosopyrene, the latter ble III; Line C). Again, this is the most frequent somatic
HPRTmutation in adults. T-lymphocyteHPRTmutationin GM130 lymphoblasts treated with ethylnitrosourea

and in fibroblasts treated with ultraviolet light. A third frequencies have been shown to increase with age [Rob-
inson et al., 1994] and the role of cell proliferation in(CpG143 r CpA) has been reported four times, twice in

T-lymphocytes (one in an untreated culture in an in vitro mutation rate calculations has been discussed [Green et
al., 1995]. The rate of increase in mutant frequency isstudy and one as an in vivo-arising mutation in an unex-

posed, nonsmoking male) and twice in humans with in- greater in children than in adults, consistent with the
higher level of T-cell proliferation in children [Finette etheritedHPRT partial deficiency (resulting in gout). The

other two mutations (CpG151 r TpG and CpG508 r TpG) al., 1994]. The frequency of mutations in newborns (cord
blood samples) probably presents the greatest contribu-have been reported frequently in both in vitro and in vivo

studies and represent 3.1% (43/1,403) of the total SBS tion of active cell proliferation to mutation induction
which results in an elevated mutation rate in newbornsmutations reported in the total database [Cariello, 1997].

All five sites represent 3.6% of the total SBS mutations as compared to adults [Green et al., 1995]. One prediction
that results from the hypothesis that mutations at CpG(Table III, Line A).

Transition mutations at CpG dinucleotides account for dinucleotides are DNA replication-dependent is that SBS
mutations in newborns should occur predominantly at15.7% of the Lesch-Nyhan (CpG151 and CpG508) and 7.7%

of the gout (CpG143) mutations in theHPRT database these sites as true spontaneous or endogenous mutation
events. Table III, Line G presents preliminary data that(Table III; Line D). Similar results of 14.0% and 16.7%

are found in two other compilations of Lesch-Nyhan mu- this prediction is true. Although SBS mutations comprise
only 23% (18/77) of the totalHPRT mutations in new-tations which partially overlap theHPRTdatabase entries

(Table III; Lines E and F). Taken together, these CpG borns (with the majority being large structural alter-
ations), six of these 18 SBS mutations (33.3%) are transi-mutations are the most frequent germlineHPRT muta-

tions. These results are consistent with previous reportstion mutations at two CpG dinucleotide sequences (C151pG
and C508pG).of the high frequency of CpG mutations in other inherited

diseases [Rideout et al., 1990]. These observations suggest that deamination of 5-
methylcytosine to T at CpG dinucleotide sequences andIn vivo-arising somatic cell SBS mutations in T-lym-

phocytes comprise 54.1% (253/468) of the totalHPRT subsequent replication resulting in C/Gr T/A transition
mutations are the most frequent mutation event in divid-mutations and occur at a frequency of 5.1% (13/253) at

the three CpG sites also seen in germ cell mutations (Ta- ing cells in vivo, both somatic and germ cells. The decline
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TABLE III. HPRT Mutations at CpG Dinucleotides

Total Number of mutations at
number of Number of single- Total

Dataset mutations base substitutions C151 C508 G143 G481 G509 (% of SBS)

A. Totala 2224 1403 20 23 4 1 2 50 (3.6%)
B. In vitroa

Total 1555 1024 10 11 1 1 2 25 (2.4%)
‘‘Induced’’ 1366 914 7 10 0 1 2 20 (2.2%)
‘‘Spontaneous’’ 189 110 3 1 1 0 0 5 (4.5%)

C. In vivo
Somatica (Spontaneous and
smoker) 468 253 4 8 1 0 0 13 (5.1%)

D. In vivo
Somatic (newborn) 77 18 3 3 0 0 0 6 (33.3%)

E. Germinala

LN 102 70 7 4 0 0 0 11 (15.7%)
Gout 33 26 0 0 2 0 0 2 (7.7%)

F. Germinalb

LN 65 43 3 3 0 0 0 6 (14.0%)
Partial 20 18 0 0 0 0 0

G. Germinalc 41 24 2 2 0 0 0 4 (16.7%)

aCariello, 1997.
bScully et al., 1992.
cAlford et al., 1995.
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